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APPENDIX F

INPUT PRICES AND TOTAL FACTOR PRODUCTIVITY
by C. Anthony Bush and Mark Uretskyl

I. Introduction

In a competitive market, the price of a product is driven to its economic costs by the
forces of competition. If input prices of fIrms decline, price competition among incumbent
fIrms and from new entrants that are enticed into the market by "economic profIts"2 drives the
price of the product down to reflect the decline. Thus, under competition, declines in input
prices flow through to consumers in the form of lower output prices.

Under the total factor productivity (TFP) framework, advocated by USTA and most
exchange carriers, growth in TFP is a measure of the improvement by which factor inputs
(labor, land, and capital) are combined within a fIrm or industry to produce outputs of goods
and services. Changes in the cost of inputs are largely outside the fIrm's control and are
excluded from such a measure. However, the TFP studies put on the record in this
proceeding (Christensen Studies)3 do allow measurement of input price changes as a
byproduct of the measurement of TFP changes. Thus the results of the TFP studies include a
measurement of the change in TFP as well as a separate measurement of the change in input
pnces.

All parties agree that, in competitive markets, changes in output prices reflect changes
in input prices as well as changes in TFP. They also agree that, to replicate the results of a
competitive market, a "productivity offset" to inflation (Le., an X-Factor) must reflect both
TFP changes and input price changes.4 The parties disagree, however, as to the magnitude of
the effect of including the input price changes. USTA argues that short-run (i.e., post
divestiture) measurements of input prices are unreliable and that the X-Factor should

I Mr. Bush is Industry Economist and Mr. Uretsky is Chief Economist, Common Carrier Bureau, Federal
Communications Commission.

2 Economic profits are profits that exceed the cost of capital.

3 USTA Comments, Attachment 6 (Christensen, Schoech, and Meitzen, "Productivity of the Local Telephone
Operating Companies"); see also USTA January 12, 1995 Ex Parte (Christensen, Christensen, and Schoech,
"Total Factor Productivity in the Bell System", Sept. 1981 ) and USTA January 20, 1995 Ex Parte.

4 See USTA Comments, Attachment 5; National Economics Research Associates (NERA), "Economic
Performance of the LEC Price Cap Plan" (NERA Study), pp. 8-11; Ad Hoc Reply, Attachment A; David J.
Roddy and Lee L. Selwyn of Economics, Technology, Inc. (ETl), "An Empirical Estimate of the LEC Price Cap
"X Factor" Based Upon Historic National LEC Productivity and Input Price Trends" (ETl Study), pp. 5-7 and
pp. 10-15. AT&T Reply, Appendix C.
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incorporate the long-run difference in input prices between the LEC industry and the U.S.
economy, which USTA claims is zero.s Ad Hoc argues that the X-Factor should incorporate
the difference in input prices between the LEC industry and the U.S. economy for the post
divestiture period, i.e., the same time period for which TFP is measured.6 The effect of
including input prices in the X-Factor is potentially large. For example, the inclusion of the
effect of input prices under Ad Hoc's proposal would cause the X-Factor for the 1984 - 1992
period to increase from 2.3 percent to 5.2 percent.

In this appendix, we conclude that an X-Factor based on Christensen's LEC TFP data
and the Bureau of Labor Statistic's (BLS) U.S. economy TFP data for the period 1984 
19907 should include an adjustment for input prices. We also conclude that such input prices
should be derived from Christensen's and BLS's TFP data for the same period (1984 - 1990).
In addition, based on the latest data available from Christensen and the BLS, we fmd that
such an X-Factor, excluding the consumer productivity dividend (CPD), would be at least 4.8
percent.

II. Mathematical Background

In order to understand the debate over the proper treatment of input prices under a
TFP approach, familiarity with several different formulas for the X-Factor is important. From
a mathematical perspective, the various formulas cited by the parties are equivalent. In this
section, the formulas are presented and derived. The percentage change in a variable is
denoted by a prefix (%); multiplication is denoted by (*).

TFP is defmed as the ratio of real (deflated) output to real input. For a simple model
of one output and one input, we have:

TFP = Q / I,

where
Q = output, and
I = input

5 NERA Study. p. 16; NERA Reply, p. 6.

6 ETI Study, pp. 10 -17.

(Equation 1)

7 Although the petitioners' arguments pertain to the post-divestiture period 1984 - 1992, we reach a fmding
in this Appendix specifically with respect to the period 1984 - 1990, because this is the period that is relevant for
purposes of corroborating the fmdings of the recalculated "Frentrup-Uretsky" study that the X-Factor during the
period 1984 - 1990 was 5.0 percent. See Appendix D.
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We can show that growth in TFP equals growth in output less growth in input:8

%TFP = %Q - %1,

where
%TFP is percentage change in productivity,
%Q is percentage change in output, and
%1 is percentage change in input

(Equation 2)

Asswning competition, it can be shown that, in general, the growth in TFP equals the
growth in input prices less the growth in output prices:9

%TFP = %W - %P (Equation 3)

where
%P is percentage change in price of each unit of output Q, and
%W is percentage change in price of each unit of input I

Given these equations, we can derive a formula for LEC price changes under perfect
competition: 10

(Equation 4)
where
%pLEC is percentage change in LEC output prices,
%pus is percentage change in U.S. output prices (i.e., inflation),
%TFpLEC is Percentage change in TFP for the LEC industry,
%TFpuS is percentage change in the TFP for the U.S. economy,

8 Taking logarithms of equation (l) and differentiating with respect to time, noting that the time derivative of
the logarithm of a variable is approximately equal to the percentage change of that variable, yields equation (2).

9 In competitive equilibrium revenue equals cost:
P*Q=W*I.

Thus,
Q/I=W/P

and
TFP=W/P

Taking logarithms and differentiating with respect to time, noting that the time derivative of the logarithm of a
variable is approximately equal to the percentage change of that variable, yields equation (3).

10 Subtracting equation (3) for TFpus from equation (3) for 'fF'pLEC and rearranging terms results in equation
(4).
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..

%WLEC is percentage change in the input prices for the LEC industry,
and

%WUs is percentage change in the input prices for the U.S. economy. II

The term in brackets in equation (4) is the theoretical equivalent of the X-Factor
(excluding the CPD), under the TFP framework. In other words, the X-Factor is the offset to
inflation (%pus) which forces LEC price changes (%pLEC

) to behave as would be required in a
competitive market. Thus we have

(Equation 5)

The X-Factor depends on TFP differences between the LEC industry and the US economy
("TFP differential") and on input price differences between the LEC industry and the US
economy ("input price differential").

It also can be shown that there is another, equivalent, formula for the X-Factor that
replaces measures of TFP change and input price change for the US economy with a measure
of output price change for the US economy: 12

X = %TFpLEC + %pus _ %WLEC,

Furthermore, we can rewrite equation (3), as applied to LECs, as

%pLEC = %WLEC _ %TFpLEc•

(Equation 6)

(Equation 7)

This means that using this approach is equivalent to just basing LEC output prices on LEC
input prices and LEC productivity, without the need for any US aggregate data for prices or
productivity.

III. Comments and Ex Partes

Introduction. The parties disagree on whether the input price differential for the
1984-1992 time period is an accurate or meaningful measurement. Both Christensen
Associates (Christensen) and National Economics Research Associates (NERA), economic
consultants to USTA, argue that short-run input price data exhibit substantial volatility and
cannot be relied upon as accurate. 13 Christensen argues that the LEC input price series from

11 To construct US input price growth, private business sector TFP growth is added to GOP-PI growth. See
USTA January 13, 1995 Ex Parte.

12 Equation (6) can be derived by substituting the fonnula for %TFpus from equation (3) into equation (5).

13 See NERA Study; see also USTA February 1, 1995 Ex Parte, p. 9-10; NERA Reply, p. 31.
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his TFP studies are not directly comparable to the U.S. input price series for the 1984 - 1992
time period and that, if a comparison is made, there will be substantial volatility in the input
price differential. Christensen argues that the short-run differential between LEC and U.S.
input prices should be ignored in favor of his finding that the long-run differential between
LEC and U.S. input prices is zero.14 NERA concurs with Christensen and outlines additional
volatility problems with Christensen's LEC input price data for the 1984-1992 time period. 15

Ad Hoc argues that LEC input price data for the 1984-1992 period are derived directly
from Christensen's TFP studies and are as reliable as Christensen's TFP study. Further, Ad
Hoc argues that these data show an important change in the long-run trend of LEC input
prices and thus must be the basis for any input price component included in the X-Factor for
the post-divestiture period. 16

USTA According to USTA's economic consultants, only long-run measures of LEC
input prices are reliable enough for inclusion in the X-Factor. They claim that because the
long-run input price differential is zero, the input price differential in equation (5) should be
zero and the X-Factor should simply reflect the TFP differential. USTA's economic
consultants believe that the proper measurement of the X-Factor over the period 1984-1992 is
1.7 percent,17 i.e., the difference between price cap LEC TFP growth and U.S. TFP growth
for that period. Their reasoning, presented in various studies and ex parte filings, can be
summarized as follows: (1) the input price differential can be estimated reliably only for the
long-run; (2) the long-run measure of the input price differential is zero percent; and (3)
therefore, the X-Factor should include only the TFP differential.

The Long-Run. USTA's economic consultants make several arguments in support of
the view that the long-run input price differential is zero percent. In the USTA February 1,
1995 Ex Parte, Christensen argues:

Telephone companies compete for labor, capital, and other inputs with all other sectors
of the U.S. economy. Thus, one would expect input prices for telephone companies to
have the same long-term trend as other sectors of the economy, and hence, the same as
the entire U.S. economy. This expectation is validated by long-term historical

14 USTA February 1, 1995 Ex Parte, p. 9

15 NERA Reply, pp. 28-32.

16 Ad Hoc Reply, pp. 10-13; Ad Hoc Ex Parte, pp. 6-8. Ad Hoc, however, fmds fault with downward
revisions that Christensen made to the LEC input price series as reflected in the USTA February 1, 1995 Ex
Parte. See also footnote 31, below.

17 Subsequent changes in BLS's measurement of U.S. TFP and the corrections of errors in the Christensen
TFP study result in a revised measure of the TFP differential of 2.1 percent. See USTA January 20, 1995 Ex
Parte, p.16.
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experience. 18

USTA's economic consultants present various time-series (i.e., annual data for a
sequence of years) to show that the input price differential is negligible and not statistically
different than zero. NERA compares a time-series of telephone industry input price growth
rates derived from various Christensen TFP studies and a time-series of U.S. economy input
price growth rates that NERA constructs from BLS's TFP studies for the U.S. economy and
measures of inflation. 19 The comparison is for the time period 1959 - 1992 and shows that
the input price differential averages about 0.7 percent.20 NERA claims that the input price
differential of 0.7 percent is statistically indistinguishable from zero percent. Based on
econometric techniques, NERA constructs a "95 percent confidence interval" using 0.7
percent. A "95 percent confidence interval" is an interval which captures the true mean of the
input price differential with a probability of 95 percent. In NERA's study, the 95 percent
confidence interval has an upper bound of 2.1 percent and a lower bound of -0.6 percent.
NERA claims that because zero percent is within the 95 percent confidence interval, it is
statistically indistinguishable from 0.7 percent.

Christensen presents a time-series of telephone industry and U.S. economy input price
growth rates from 1949 to 1992 to show that the input price differential averages only 0.1
percent. Christensen conducts statistical tests of the hypothesis that the trend in input price
growth for the telephone industry equals the trend in input price growth for the U.S.
economy. In the Christensen Affidavit, Christensen concludes that there is no evidence that
the input price trends differ.21

The Short-Run. USTA's economic consultants also present evidence regarding the
short-run input price differential. Christensen tested whether the average input price
differential was equal to zero for the period 1983-1992 and found that the difference is not
statistically significant. According to Christensen, the average input price differential was 2.6
percent.22 Christensen claims that this differential is statistically indistinguishable from zero
percent, presumably because 2.6 percent falls within a 95 percent confidence interval, which

18 USTA February I, 1995 Ex Parte, p. 5.

19 NERA's time-series of U.S. economy input price growth rates is based on equation (3), above.

20 USTA January 13, 1995 Ex Parte. Note that NERA computes the input price differential as %WUs 
%WLEC so that positive 0.7 indicates that the change in LEC input prices is 0.7 percentage points less than the
change in U.S. input prices.

21 USTA February I, 1995 Ex Parte, p. 5 (Christensen Affidavit).

22 Christensen Affidavit and USTA February 22, 1995 Ex Parte.

6



also contains zero.23

Both NERA and Christensen claim that, in the short-run, LEC input price data
contained in the Christensen Studies cannot be reliably compared to U.S. input price data.
They contend that such a comparison will yield volatile results that can only be corrected by
averaging prices over the long-run. Christensen argues that:

There is no reason to expect telephone company input prices to rise slower than input
price growth for other sectors of the U.S. economy. This concept is validated by the
fact that the long-teon trends are the same. Short-teon input price data exhibit
substantial volatility, but provide no evidence of divergent trends.24

NERA and Christensen offer various reasons for the volatility, all of which relate to the
treatment of capital costs in Christensen's TFP studies.

Christensen asserts that his estimates of capital input prices for the LECs are based on
a different method than the estimates of capital input prices for the U.S. economy derived
from the BLS's TFP studies and that a comparison between them is invalid.2s According to
Christensen, because the BLS's measurement of U.S. TFP reflects economic profits as well as
the opportunity cost of capital (interest rates), economic profits are included in the input price
series for the U.S. economy. Christensen states that his measurements of LEC input prices
exclude economic profits and are, therefore, not comparable to the U.S. input price series.
According to Christensen, an input price differential based on subtracting one series from the
other is invalid. Because the input price differential for the post-divestiture period reflects
such a comparison, Christensen claims that it is invalid.

NERA points out that the input price indexes for the telephone industry are byproducts
of Christensen's TFP studies and, because of the methods used in the studies to measure
capital prices, are more volatile than ordinary input price indexes.26 NERA argues that,
although the accuracy of the measurement of capital prices is adequate for calculating changes
in the LECs' TFP, it is not adequate for calculating changes in the LECs' input prices.27

Such measurements, NERA asserts, are unrealistically volatile. Thus, NERA claims, short-run
measurements of the input price differential are unreliable.

23 NERA also undertook a short-term study of post-divestiture data, but did not provide any supporting
statistics.

24 USTA February 1, 1995 Ex Parte, p. 9.

25 USTA February 1, 1995 Ex Parte, pp. 8-9.

26 NERA Reply, pp. 28-31.

27 NERA Reply, pp. 28-31.
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Ad Hoc In its reply, Ad Hoc submits a study by Economics, Technology, Inc. (ETI)28
which argues that Christensen's and NERA's claim that the input price differential is zero and
should be excluded from the calculation of the X-Factor is incorrect.29 ETI maintains that the
data derived from the Christensen Studieg30 show that the annual growth rate of LEC input
prices was 1.1 percenf l during the 1984 - 1992 period. ETI also points out that this growth
rate is significantly different from 4.6 percent,32 which ETI estimates was the growth rate of
U.S. input prices during the same period.33 Ad Hoc uses equation (6) to derive an X-Factor
of 5.2 percent for the period 1984 - 1992.34

ETI claims that its figure for LEC input price growth for the 1984 - 1992 period
should be considered as reliable as the Christensen TFP study because the figure is taken
directly from that study. ETI also states that, like Christensen's measurement of TFP growth,
it is a simple average for the 1984 - 1992 period and is based on data for a complete
aggregation of large price cap companies, rather than a statistical sample.

Ad Hoc presents a theory regarding why input prices for the telephone industry are
growing at a slower rate than input prices for the general economy during the post-divestiture
period. Ad Hoc claims that slower growth is due, in part, to the substantial productivity and
technological gains being experienced in those segments of the telecommunications industry
that supply equipment and other capital resources to the LECs.35 Ad Hoc contends that the
telecommunications equipment market has become highly competitive in the decades since the

28 ETI Study. pp. 5-7 and pp. 10-15.

29 ETI Study. p. 12.

30 Such data includes LEC input prices for the 1984 - 1992 period as contained in USTA's Response of the
United States Telephone Association to Ad Hoc's Motion to Compel and Motion for Extension of Time, June 2,
1994 (Christensen Supplemental Data).

31 ETI Study, p. 13.

32 ETI Study, p. 13.

33 ETI relies on equation (3), above, and economic data from BLS to calculate U.S. input price growth of 4.6
percent as the sum of inflation (3.7 percent) and U.S. TFP growth (0.9 percent). Subsequently, BLS revised its
estimate of US private business sector TFP growth from 0.9 percent to 0.3 percent, thereby raising Christensen's
estimate of the TFP difference from 1.7 percent to 2.3 percent. This revision causes an offsetting change to Ad
Hoc's calculation of the U.S. input price growth which declines from 4.6 percent to 4.0 percent. Subsequently,
Christensen revised his measurement of the average annual change in LEC input prices for 1984-1992 from 1.1
percent to 1.7 percent. USTA January 20, 1995 Ex Parte. Ad Hoc challenged the validity of the change. Ad
Hoc February 3, 1995 Ex Parte.

34 ETI Study, p. 13. X (excluding CPO) = 2.6 percent (LEC TFP growth) + 3.7 percent (inflation) - 1.1
percent (LEe input price growth) = 5.2 percent.

35 Ad Hoc February 2, 1995 Ex Parte, p. 6.
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break-up of the former Bell System, when the Modified Final Judgment's (MFJ)
"manufacturing restriction" was imposed. According to Ad Hoc, under the terms of the MFJ,
Bell Operating Companies can no longer purchase equipment and supplies from captive
affiliates, but, instead, must acquire such inputs on the competitive market.

Ad Hoc argues that, under competition, a firm's output prices must reflect both
productivity changes and input price changes. A reduction of input prices reduces the cost of
producing outputs. As firms compete, output prices are driven down to their cost. Ad Hoc
concludes that "if LECs were to behave competitively, they would flow through declines in
real (i.e., inflation-adjusted) input prices."36 Ad Hoc concludes that under competition, "an
input price decrease will be flowed through to consumers even if no productivity gain were to
occur. ,,37

AT&T Like Ad Hoc, AT&T opposes USTA's elimination of the input price
differential in the estimate of the X-Factor. AT&T asserts that if TFP were to be used, the
TFP differential must be adjusted for the difference between the change in GNP-PI and actual
input price growth.38 AT&T would use equation (5), above, to calculate the X-Factor
(excluding the CPD) for the period 1984 - 1992 as 5.2 percent.39

According to AT&T, the LECs' earnings in the first price cap period exceeded the cost
of capital. AT&T questions the theoretical validity of equation (3), given that equation (3) is
true only for markets in which output prices are set at levels that allow firms to earn no more
than the cost of capital. AT&T states that the theoretical link between Christensen's .
measurement of TFP growth derived from output and input quantity indices and equation (3)
is invalid.40 AT&T implies that the derivation of the X factor using equation (5) is invalid.

V. Discussion

Introduction. We agree with Ad Hoc's characterization of economic competition. In
competitive market equilibrium, firms earn zero economic profits and revenues are equal to
economic cost. If input prices for firms in the market decline, competition between existing
firms and entry by new firms, which are attracted by economic profits, forces the output price
down to cost, which now reflects the lower input prices. This implies that a reduction of input

36 Ad Hoc reply Comments, Attachment A, p. II.

37 Ad Hoc Reply, Attachment A, p. 16.

38 AT&T Reply, pp. 28-29.

39 X = 1.7 percent (the TFP differential) + 3.5 percent (the input price differential) = 5.2 percent. The TFP
differential = 2.6 percent (LEC TFP growth) - 0.9 (U.S. TFP growth) = 1.7 percent. The input price differential
= 4.6 percent (U.S. input price growth) - 1.1 percent (LEC input price growth) = 3.5 percent.

40 AT&T Reply, Appendix C, pp. 8-9.
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of input prices will be flQwed through to consumers in the form of reduced output prices.

The price cap equations, described above, show that the only mechanism that flows
changes in LEC input prices through to changes in LEC output prices is the input price
differential. Thus, as a theoretical matter, we believe that inclusion of the input price
differential, as specified in equation (5), for instance, is essential to the proper calculation of
the X-Factor.

We believe that AT&T's contention that equation (5) erroneously omits a correction
for LEC profit growth is unfounded. AT&T appears to be concerned that either the growth
rate in LEC TFP or the growth rate in LEC input prices will be calculated using equation
(3). However, under Christensen's framework, the growth rates for both LEC TFP and
LEC input prices are not determined by reliance on equation (3). The X-Factor will not be
biased by the LECs' economic profits. Used as a "productivity offset" as in equation (4), the
X-Factor will result in output prices that mimic perfect competition.

The issue before us is to make a reasonable determination of the input price
differential for the post-divestiture period and, in particular, the period 1984-1990.
Specifically, we need to consider whether USTA is correct in its assertion that short-run
measures of the input price differential are inaccurate and should be supplanted by a long-run
estimate for use in calculating the X-Factor. We also need to consider whether the long-run
estimate of the input price differential is indeed zero, as USTA claims.

We begin with an evaluation of the evidence regarding the input price differential for
the post-divestiture period. Data on the TFP differential and the input price differential for
the post-divestiture period has been placed in the record by USTA in the Christensen
Supplemental Data, USTA January 13, 1995 Ex Parte, USTA January 20, 1995 Ex Parte,
and the Christensen Affidavit. In the January 20, 1995 Ex Parte and the Christensen
Affidavit, USTA filed its latest view of post-divestiture TFP and input price data. These
data contain significant revisions to the earlier fIlings. These revisions apparently reflect
corrections, contained in the January 20, 1995 USTA Ex Parte, to the Christensen TFP study
which was filed as part of USTA's original comments. The LEC TFP growth and LEC
input price growth for the post-divestiture period are significantly reduced from data
contained in the earlier study. These data show that, for the eight year post-divestiture
period (1984 - 1992), LEC input prices grew at an average annual rate of 1.7 percent, while
U.S. economy input prices grew at an average annual rate of 4.0 percent, resulting in an
input price differential of 2.2 percent (rounded). The TFP differential was 2.1 percent,
resulting in an X-Factor of 4.3 percent, using equation (5). Making the same calculations
for the 1984-1990 time period, we have an X-Factor of 4.8 percent, equal to the sum of the
input price differential (2.7 percent) and TFP differential (2.1 percent). See Attachment A. 41

41 Attachment A contains time-series data of annual percentage changes in input prices as well as other data.
The entries are in sequence by year. Each year's entry represents the annual percentage growth in input prices
over the prior year. For instance, the 1985 growth rate reflects growth from 1984 to 1985. Thus, growth from
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In deciding whether to rely on the post-divestiture period for the purpose of calculating
the input price differential, we are persuaded by Ad Hoc that significant weight should be
placed on the fact that the LEC input price data for that period come directly from
Christensen's own TFP study. However, USTA's economic consultants have raised several
important criticisms regarding reliance on post-divestiture data which we need to consider
before reaching a decision.

Measurement Errors in the Post-Divestiture Input Price Data. As described
above, Christensen argues that measures of the post-divestiture input price differential which
are based on a comparison between input price data derived from BLS studies and input price
data derived from Christensen's own studies are invalid, because of differences in method.42

We have reviewed BLS's technical literature on multifactor productivity and have verified
that Christensen is correct that profits are included in BLS's measurement of capital costs.
This implies that measurements of growth rates of U.S. TFP have profit embedded in them as
do, in consequence, measurements of growth rates of U.S. input prices which are derived
from growth rates in U.S. TFP.43 However, we believe that an opposite bias of equal
magnitude is contained in the TFP differential that USTA would use to set the X-Factor. See
Attachment B. We conclude that the sum of the TFP differential and the input price
differential will be unbiased and that the X-Factor, which equals the sum, will be unbiased.44

As described above, NERA argues that measurement problems related to capital prices
cause volatility in the input price differential and make short-run measurements of the input
price differential unreliable. NERA has not demonstrated, however, that these measurement
problems introduce a bias into the input price series. Also, although NERA has shown that
the measurement problems could cause considerable year to year fluctuations, NERA has not
shown that such fluctuations could make a six year period (~ for 1984 - 1990) unreliable.
Based on the record before us, we have no reason to conclude that the measurement problem
that NERA describes affects the calculation of input price differential for the 1984 - 1990
period.

In summary, USTA's economic consultants' descriptions of problems in measuring
changes in post-divestiture input prices fails to convince us that the problems are serious
enough to warrant rejection of the measurements for use in calculating an X-Factor.

Short-Run Versus Long-Run Measurement of the Input Price Differential. We
next consider whether we should rely on short-run or long-run input price data to forecast the

in the average growth rate from 1986 - 1990.

42 Christensen Affidavit, pp. 8-9.

43 See equation (3), above.

44 See equation (5).
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future trend in input prices. In particular, we evaluate USTA's view that the post-divestiture
input price differential is an aberration from an underlying long-run trend in which the
differential is zero. To support this view, both Christensen and NERA have provided studies
of input price time-series data, including statistical tests. For instance, the Christensen
Affidavit contains input price data for the telephone industry and the U.S. economy from
1949 to 1992. Using this data, Christensen has performed statistical tests to see whether the
hypothesis that the input price differential is zero over the long-run is refutable. Based on his
calculations, he concludes that the hypothesis is valid. He also concludes that the deviation of
the post-divestiture input price differential from the long-run trend is not significant in a
statistical sense.

We disagree with this viewpoint for several reasons. First, Christensen has not
supported his view that, because telephone companies compete for labor, capital, and other
inputs with all other sectors of the economy, input prices for telephone companies should
have the same long-run trend as the entire U.S. economy:s Assuming different rates of
technological change among various sectors of the economy, the price of inputs to a particular
sector simply may be changing more rapidly than that of the U.S. economy as a whole. This
might be true especially for the telephone industry, in which the cost of many inputs,~
computers, switches, and fiber optic technology, appear to be growing less rapidly than cost
of inputs for the U.S. economy as a whole. Christensen has not offered adequate theoretical
support for his premise that telephone industry input prices should grow at the same rate as
input prices in the economy generally.

Second, the various data series placed on the record by USTA are not all in accord
that the long-run input price differential is, in fact, zero. In NERA's series from 1960 - 1992,
the input price differential is 0.7 percent.46 Although NERA claims that the 0.7 percent
difference over the 32 year period is not significantly different from zero, NERA's statistical
test is not convincing. NERA's fmding that a mean of 0.7 percent is not statistically different
than a mean of zero is based on a 95 percent confidence interval standard. We believe that
such a test is too stringent when used to support a hypothesis with little theoretical support.
The test shows that if zero were the true mean during this period, a sample mean greater or
equal to 0.7 percent would occur less than approximately 15 percent of the time.47 Based on
NERA's evidence, we conclude it is more likely than not that a number greater than zero
percent is the long-run input price differential.

Christensen presents a time-series of telephone industry and U.S. economy input price
growth rates from 1949 to 1992 to show that the input price differential averages only 0.1

4S USTA February I Ex Parte, p. 5. See full quote in comment section, above.

46 See comment section, above.

47 In other words, a confidence interval of about 70 percent around the sample mean would not contain zero.
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percent.48 Although these numbers appear more consistent with a hypothesis of a zero percent
long-run price differential, Christensen's time-series is completely different from NERA's,
although both are based on data from various studies by Christensen.49 Christensen has
provided no justification for using a different version of the LEC input price series for the
period 1960-1984 than NERA's version. Further, Christensen provides no justification for
using a different beginning date for the series than NERA (1949 instead of 1960). Because of
these discrepancies, we cannot accept Christensen's conclusion that the input price differential
IS zero.

Third, there is evidence that the input price differential for the post-divestiture period
is not part of a zero long-run trend. Christensen attempts to show that the input price
differential for the post-divestiture period (at least 2.6 percent) is not statistically different
than zero. We do not find Christensen's showing to be convincing, for the same reasons we
found unconvincing NERA's showing that 0.7 was not statistically different from zero. His
finding that a mean of 2.6 percent is not statistically different than a mean of zero is based,
again, on a 95 percent confidence interval standard. We believe that such a test is too
stringent when used to support a hypothesis with little theoretical support. Looked at another
way, the test shows that if zero were the true mean during this period, a sample mean greater
or equal to 2.6 percent would occur less than approximately 7.5 percent of the time.50 Based
on this finding, we conclude there is evidence that the post-divestiture input price differential
is not consistent with a long-run trend of zero percent.

We tested Ad Hoc's hypothesis that divestiture explains why LEC input prices appear
to be growing at a substantially slower rate than economy-wide input prices during the 1984
1992 period. See Attachment C. We performed several statistical tests, all of which
confirmed the plausibility of Ad Hoc's hypothesis. We regressed NERA's time series of
telephone industry input prices for the period 1959-1992 (as updated for period 1984 - 1992
in the Christensen Affidavit) against NERA's time series of U.S. input prices, interest rates,
and a binary variable for divestiture. We performed the same test for Christensen's time
series of telephone company and U.S. input price data for the period 1948-1992. In both
cases, we found divestiture to a significant factor. We also regressed the input price
differential against interest rates and a binary variable for divestiture, for NERA's and
Christensen's data, respectively. Our fmdings were the same as for the first two tests 
divestiture appears to be a significant factor. Although more research needs to be done before
we conclude that divestiture is a major factor in slowing the rate of growth of telephone
company input prices, these tests provide evidence that the post-divestiture period represents a

48 USTA Ex Parte, February 1, 1995, p. 5. See comment section, above.

49 For instance, Christensen's growth rates for telephone industry input prices are 4.2 percent for 1960, 3.9
percent for 1961, and 2.2 percent for 1962, compared to NERA's growth rates of 2.4 percent, 4.0 percent, and
3.1 percent, respectively. There are also serious discrepancies in the time series for U.S. input prices.

so In other words, a confidence interval of about 85 percent around the sample mean would not contain zero.
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significant break from the past.

Based on these considerations, we believe that an input price differential based on
long-run, pre-divestiture data is not a reasonable basis on which to calculate the input price
differential for the post-divestiture period. We believe that the input price differential for the
post-divestiture period should be calculated using post-divestiture data. In particular, we
believe that the input price differential for the 1984-1990 period should be based on data from
that period.

For purposes of calculating the historical X-Factor for the period 1984-1990 under a
TFP framework, we conclude that the input price differential for the 1984-1990 period should
be used. We also conclude that the input price differential for this period should be measured
as the difference between the average 1984-1990 LEC input price change, derived from the
Christensen study, and the average 1984-1990 U.s. input price change, derived from BLS
TFP data. Relying on Christensen's and BLS's latest data, the X-Factor (excluding the CPD)
for the 1984-1990 period is 4.8 percent.
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Revised TFP and Input Price Study

AtBchmentA

A B C 0 E F G H
us TeIecom* Dill8rence DilI8rence

Input Pl"lce Input Price US Input - Telecom USTFP Telecom TFP*
Y-.r a-owth Chanae Telecom InGut TFPa-owIl a-owth -USTFP X Facta

1880 1.70% 2.4O'lCo -0.70% 3.80% 0.4O'lCo 3.5O'l(, 2.llO'll.
1881 2.90'1(, 4.00% -1.10'lll 2.20% 2.fOll' 0.10'lll -1.00%
1882 4.5O'liI 3.10'lll 1.4O'lCo 3.~ 3.70% -0.70% 0.70%
1883 3.90'1(, 4.90'1(, -UIO% 2.3OlJl. 2.90'1(, -0.80% -1.80%
1984 5.4O'lCo 2.4O'lCo 3.00% 3.1O'lll 4.10'lll -UIO% 2.00%
1886 4.4O'lCo 2.4O'lCo 2.00% 2.80% 3.1O'lll -0.20% 1.llO'll.
1_ 5.5O'llt 1.5O'llt 4.00% 4.3OlJl. 3.00% 1.30% 5.3C'lfo
lae7 2.8O'lIt 5.00% -2.20% 3.3OlJl. 0.4O'lCo 2.90% 0.70'lll
1_ 6.4O'lCo 8.10'lll 0.30% 4.40% 2.eo'JC. 1.8O'lIt 2.10'lll
1_ 4.00% 2.70% 1.30% 3.80% -0.30% 4.10'lll 5.4O'lCo
1970 3.2O'llo 4.00% -0.80% O.eo'JC. -0.30% 0.90% 0.10'lll
1971 8.eo'JC. 8.5O'llt 0.10'lll 1.10% 3.20% -2.10% -2.00%
1972 6.00% 7.eo'JC. -1.80% 4.00% 2.90% 1.10% -O.so%
1973 8.eo'JC. 8.eo'JC. 2.00% 4.3OlJl. 3.00% 1.30% 3.30%
1974 4.2O'llo 4.llO'll. -0.80% 3.70% -3.so", 7.2O'llI 6.eo'JC.
1975 8.5O'l(, 9.3OlJl. -0.80'" 2.80% 0.5O'llo 2.3O'llo 1.5O'l(,
1978 9.2O'llo 9.2O'llI 0.00% 4.4O'lCo 3.90% 0.5O'l(, 0.5O'l(,
1977 7.3O'llo 4.80% 2.5O'l(, 3.eo'JC. 2.2O'llI 1.40% 3.90'1(,
1978 7.00% 7.3OlJl. -0.30% 4.80% 0.70% 4.1O'lll 3-:ao%
1978 7.70% 2.80% 4.8O'lIt 4.2O'llI -0.70% 4.90'1(, 9.70'lll
1880 7.00'll0 6.90% 0.10'lll -2.30'"
1881 9.5O'llo 11.00'll0 -1.so% O.2O'llo
1982 3.1O'lll 9.3OlJl. -6.20% -3.20'"
1883 6.2O'llI 13.70% -7.so% 2.3OlJl.
1884 6.5O'llt 1.llO'll. 4.70% 3.10%

*1885 4.00% 0.13% 3.87% 1.10'lll 0.5O'llo 0.80% 4.47%
*1988 3.llO'll. 1.31% 2.48% 2.80% 1.00% 1.llO'll. 4.29%
*1887 3.2O'llI 1.71% 1.48% 1.llO'll. 0.10'lll 1.70% 3.19%
*1988 4.80% -3.21% 7.81% 2.10'lll 0.8O'llo 1.5O'l(, 9.31%
*1988 4.2O'llI 3.18% 7.88% 2.00% -0.30% 2.3O'llo 10.18%
*1980 4.3O'llo 11.'" -7.58% 4.8O'llo -0.30% 4.90'1(, -2••%
*1881 2.90'1(, 1.35% 1.56% 1.2O'llI -1.10'lll 2.30% 3.85%
*1882 5.10'lll 4.45% 0.86% 3.5O'llo 1.80% 1.eo'JC. 2.25%
*1883 IVa -0"% IVa 2.80% IVa IVa na

88-90 Awn 4.0'lll 1.8% 2.4% 2.7% 0.2% 2.4% 4.9%
88 91 Awn 3.8% 1.8% 2.3% 2.4% 0.0% 2.4% 4.7%
88 92 Awn 4.0% 2.0% 2.0'lll 2.8% 0.3% 2.3% 4.3%
88 93 Awn n& 1.8% na 2.8% na n& na

Notes:

Col. B: Input Price Da1a from 19l1O to 1984 tom USTA Ex Parte. Jan 13. Table 2.
Input Price Da1a from 1886 to 1992 from USTA Ex Flute. Jan 13. Table 1.

Col C: Input Price DOl from 1880 to 1884 from USTA Ex Flute• .an 13, Table 2.
Input Price Da1a from 1885 to 1993 from USTA Ex Par1B. Jan 20. on cisk only - PROD.WI<3
1885-1983 data revi8ed tom USTA Ex Parte. Jan 13. Table 1.

Col. E: Bell SysWnTFP DatI. from 1880 to 1979 from USTA Ex Parte. Jan 12, Table 19.
Data • available t&:k to 1947.
RBOCand GTETFP Cata from 1885 to 1983 from USTA Ex Parte, Jan 20, Table 1.

Col. F: US 'TFP Da1a from 1llllO to 1984 tom USTA Ex Parte. Jan 13, Table 2.
US TFP eaB from 1886 to 1992 from USTA Ex Parte. Jan 13, Table 1.



Attachment B

Profit Bias in the Input Price Differential

For the period 1984-1992 (USTA February 1, 1995 Ex Parte), Christensen calculates
the U.S. input price growth as

%WUS = GDPPI + %TFp us (Equation 1)

NERA (in USTA's January 13, 1995 Ex Parte) employed equation (1) to construct U.S. input
price growth for the period 1960-1984, however GNP-PI was used instead of GOP-PI. Given
that GOP-PI is the rate of growth of an output price index, the measurement problems
associated with profits enters U.S. input price growth through U.S. TFP growth.

However, USTA's measurement of XUSTA as the differential rate of growth of TFP,

%TFpLEC _%TFp us ,

contains the same distortion as the input price differential since it also relies on

computed by BLS. Further, as we show below the two distortions cancel out. Let a super
script of * denote the absences of profits in US calculations. Note, all LEC measurements do

not include profits. Letting .d be the term reflecting the effects of profits, then

%wUS =%W·us +.d=GDPPI + %TFp·us+.d ,

where

%TFP us =%TFP .us +.d

For the LECs we have

%WLEC = %pLEC + %TFp LEC

Subtracting equation (3) from equation (2), we have

16

(Equation 2)

(Equation 3)



%WUS - %WLEC = GDPPI + %TFp uS - (%pLEC + %TFPLEC)

This implies

Equivalently,

(Equation 4)

(Equation 5)

Thus, the d cancels out. This implies that

%pLEC = GNPPI _(%W· us - %WLEc) - (%TFp LEC - %TFP •us)

which gives us a correct measurement of X, where

(Equation 6)

(Equation 7)

(Equation 8)

Therefore, we conclude that the input price differential is, in fact, an essential component of
the X factor to correct the distortion in USTA's own measurement of TFP differential.
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Regression: Telephone Input Price Growth - NERA Data

Telephone US Moody's Regression Output:
Input Price Input Price Divestiture Yield Constant -0.0046
Change Change Public Std Err of Y Est 0.0308

(1 ) (2) Utility R Squared 0.4440
Bonds No. of Observations 33

1960 2.4% 1.7% 0 4.41% Degrees of Freedom 29
1961 4.0% 2.9% 0 4.35% US IPr Divestiture Moody
1962 3.1% 4.5% 0 4.33% X Coefficient(sl 0.3140 -0.0480 0.5794
1963 4.9% 3.9% 0 4.26% Std Err of Coet. 0.3179 0.0144 0.2350
1964 2.4% 5.4% 0 4.40%
1965 2.4% 4.4% 0 4.49% T-Statistic 0.9878 -3.3365 2.4653
1966 1.5% 5.5% 0 5.13%
1967 5.0% 2.8% 0 5.51% F-Statistic
1968 6.1% 6.4% 0 6.18% 3. 29 7.7208
1969 2.7% 4.0% 0 7.03%
1970 4.0% 3.2% 0 8.04%
1971 6.5% 6.6% 0 7.39%
1972 7.6% 6.0% 0 7.21%
1973 6.6% 8.6% 0 7.44%
1974 4.8% 4.2% 0 8.57%
1975 9.3% 8.5% 0 8.83%
1976 9.2% 9.2% 0 8.43%
1977 4.8% 7.3% 0 8.02%
1978 7.3% 7.0% 0 8.73%
1979 2.9% 7.7% 0 9.63%
1980 6.9% 7.0% 0 11.94%
1981 11.0% 9.5% 0 14.17%
1982 9.3% 3.1% 0 13.79%
1983 13.7% 6.2% 0 12.04%
1984 1.8% 6.5% 1 12.71 %
1985 0.1% 4.0% 1 11.37%
1986 1.3% 3.8% 1 9.02%
1987 1.7% 3.2% 1 9.38%
1988 -3.2% 4.6% 1 9.71%
1989 -3.7% 4.2% 1 9.26%
1990 11.9% 4.3% 1 9.32%
1991 1.3% 2.9% 1 8.77%
1992 4.4% 5.1% 1 8.14%

• Avg 60-84 5.6% 5.7%
• Avg 60-92 4.7% 5.3%

Avg 85·92 1.7% 4.0%

Sources: NERA US Input Prices {1 960-1992). USTA Ex Parte 1/13/95
NERA Telecom Input Prices 1960 ·1984. USTA Ex Parte 1/13/95
LEC Input Price Growth. 1993 Data Point TFP Update 1985-1992. USTA Ex Parte 2/1/95
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Regression: Telephone Input Price Growth - Christensen Affidavit Data

Regression OutPut:
Constant -0.0027
Std Err of Y Est 0.0347
R Squared 0.4322
No. of Observations 44
Degrees of Freedom 40

US IPr G OivestittJrE Moody's
X Coefficient(sl 0.3402 -0.0579 0.6489
Std Err of Coef. 0.2338 0.0152 0.2093

Year

1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Avg 49-92
Avg 49-84
Avg 84-92

obs TEL
Input
Price

1 3.2%
2 5.1%
3 8.8%
4 8.6%
5 2.4%
6 1.9%
7 5.4%
8 1.7%
9 -1.1%

10 3.3%
11 5.4%
12 4.2%
13 3.9%
14 2.2%
15 1.0%
16 6.0%
17 0.5%
18 1.1%
19 1.9%
20 4.2%
21 2.1 %
22 3.8%
23 4.2%
24 8.0%
25 0.6%
26 5.9%
27 14.2%
28 10.7%
29 6.1%
30 7.6%
31 7.2%
32 14.6%
33 11.6%
34 12.1 %
35 12.8%
36 1.8%
37 0.1%
38 1.3%
39 1.7%
40 -3.2%
41 -3.7%
42 11.9%
43 1.3%
44 4.4%

US Moody's
Input Yield on PU
Price Divestitun Bonds
-1.0% 0 2.66%
6.3% 0 2.62%
7.9% 0 2.86%
1.2% 0 2.96%
3.7% 0 3.20%
0.6% 0 2.90%
6.6% 0 3.06%
0.7% 0 3.36%
3.7% 0 3.89%
0.5% 0 3.79%
7.0% 0 4.38%

-0.6% 0 4.41 %
3.6% 0 4.35%
4.4% 0 4.33%
3.8% 0 4.26%
4.5% 0 4.40%
5.7% 0 4.49%
4.6% 0 5.13%
2.0% 0 5.51%
4.4% 0 6.18%
3.7% 0 7.03%
3.3% 0 8.04%
6.8% 0 7.39%
7.2% 0 7.21%
6.3% 0 7.44%
4.2% 0 8.57%
9.4% 0 8.83%
9.1% 0 8.43%
8.6% 0 8.02%
7.8% 0 8.73%
8.2% 0 9.63%
6.6% 0 11.94%
9.9% 0 14.17%
3.7% 0 13.79%
5.6% 0 12.04%
7.4% 1 12.71%
4.0% 1 11.37%
3.8% 1 9.02%
3.1% 1 9.38%
4.4% 1 9.71%
4.1% 1 9.26%
4.2% 1 9.32%
2.9% 1 8.77%
5.1% 1 8.14%

4.8%
4.9%
4.9%

T-Statistic

F-Statistic 10.1512
df 13,40)

1.4553 -3.8142 3.1007

Source: USTA Ex Parte, February 1, 1995, Christensen Affidavit
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